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. Overview

This report was compiled from data collected during 1995, related to new homes built
during 1993 and 1994. Three electric utilities, Citizens' Utility (CUC), Central Vermont Public
Service (CVPS) and Green Mountain Power (GMP), conducted ajoint survey of new construction
building practicesin Vermont. 1n aggregate, these three utilities serve about 75% of the electric
customersin Vermont.

The utilities combined their expertise for the purposes of acquiring comprehensive,
representative information on residential new construction practices and appliance choices. The
study was conducted by performing energy ratings, consistent with the Home Energy Rating System
(HERS) national standard, on 200 new homes within the service territory of the three utilities, and
collecting additional information related to electrical end uses, particularly lighting. Energy Rated
Home of Vermont (ERH) performed the ratings and collected the data during the spring of 1995.
In the fall of 1998, this data was provided to West Hill Energy and Computing, Inc. (“West Hill
Energy”) who subsequently checked the data for accuracy, analyzed the data and prepared this
report.

In reading this report, it isimportant to note that the original data was collected in 1995 for
homes built during 1993 and 1994. It is possible that the new construction market has changed
since that time, and the results of this report should be considered within this context.



1. Executive Summary

Asaresult of the long time lag between the data collection and this report, key information
regarding the sampling process was lost. Whileit isclear that the utilities intended to survey a
random sample of new homes, the documentation available in 1998 (three years following the data
collection) was inadequate to demonstrate that procedures for random sampling were followed.
Consequently, it is not possible to state with certainty that the sample was selected in a manner
consistent with random sampling. For this reason, this report should not be considered to be a
reliable reflection of the new construction market during 1993 and 1994. Rather, it should be
viewed as descriptive, giving arange of building practices and providing insight where clusters of
homes show a strong trend.

All of the numerical data presented throughout this report was gathered in summary format
and attached as Appendix A.

A. HomeSize

The median home size in the sample was approximately 2,130 square feet. The sample
included a number of very large homes; 14% of the sample homes were larger than 3,500 square
feet, including one home over 8,500. The size of the median home did not vary much among the
utilities, although the range and distribution of homes were different, with Citizens having most
homes clustered around the median and CVPS having the widest range of home sizes. There was
aso little difference in house size between the homes of DSM participants and nonparticipants.

From a common sense perspective, the prevalence of very large homes seems unexpected.
One factor could be that living area was defined as al heated area, which included heated garage
space for some homes.* The high proportion of large homes may aso be areflection of the
nationwide trend toward larger homes, or it may be an indicator that very large homes were
disproportionately represented in the sample.

B. Lighting

While a high percentage of homes installed fluorescent fixtures, further analysis of
installation patterns indicated that there may be potential for further efficiency improvements.
Many homes installed afew (three or fewer) fluorescent tube fixtures, mostly in the kitchen, which
has traditionally been a common location for these fixtures. About 9% of the total number of
fixtures installed were fluorescent (4% CFL and 5% tube). Approximately 34% of the sample
installed at least one compact fluorescent (CFL) fixture, and afew participants installed numerous
CFL fixtures. Kitchens and halls were the most common locations for CFL fixtures. Also, only
10% of exterior lighting fixtures, and 9% of kitchen fixtures, were compact fluorescent.

The average number of total fixturesinstalled per home was approximately 25, with about
20 installed inside and 5 on the exterior of the home. From the baseline data, it was not possible
to ascertain the quality of the lighting, e.g., the distribution of lumens or color of the light. These
design issues should be considered in the next baseline study.

! The data set provided with the baseline sample did not identify heated garages, so it was not possible to analyze
house size for the subset of participants without heated garages.
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DSM participation had a significant impact on the sample, with DSM participants
accounting for 15% of the total weighted sample, about 33% of the homes installing CFL fixtures,
and 50% of the total CFL fixturesinstalled.

C. Overall Envelope Efficiency

Approximately 35% to 45% of the homes in this sample would have passed the Vermont
residential building code (RBES). The performance-based code has three major avenues to
compliance: the VTCheck software, the professional services compliance method and the
prescriptive method. The results from applying these three approaches to the baseline participants
were reasonably consistent. Many noncompliant homes could have easily met the code through
some combination of better basement insulation, higher heating system efficiencies and/or higher
performance windows.

Blower door testsindicated that the sample homes were constructed to a high standard of
tightness. Most homes met the ASHRAE (American Society of Heating, Refrigeration and Air-
Conditioning Engineers) thermal performance standard for infiltration losses in Vermont’ s climate,
and many homes were tight enough to raise concerns about indoor air quality. Although the air
changes per hour (ACH) as calculated in the study cannot be directly compared to ASHRAE
standard 62 for indoor air quality,® recent research conducted at the L awrence Berkeley
Laboratory leads to the conclusion that it is practically impossible to build a home that meets the
air tightness standards necessary in a northern climate such as Vermont's and has sufficient
ventilation from natural infiltration to comply with ASHRAE standard 62.3 Only 6% of the
baseline participants installed mechanical ventilation systems.

D. Insulation Levels

In general, the sample homes were well insulated. The median attic R-value was about 34,
with 4% installing substandard levels of insulation (less than R-19). Kneewalls and attic hatches
were frequently under insulated, with 11% of homes with kneewalls, and 46% with hatches,
having substandard insulation levels for these components.

Wall insulation levels were remarkably consistent, with over half the homesinstalling R-
19. Rim band insulation was frequently missing or inadequate, with 24% of the homesinstalling
lessthan R-11.

The basement was the least insulated area of the home. About 34% of the sample homes
with a basement had less than R-5 on the basement walls and 53% less than R-10. Interior wall
insulation was more commonly installed than exterior insulation.

Window R-values varied from 1.1 to 4.6, with 71% falling within the range of 2.2 to 2.7.
Low-E windows were prevaent, and 38% of the baseline homes had low-E, argon gas-filled
windows.

E. Spaceand Water Heating Systems

2 ASHRAE standard 136 spells out the requirements for conducting the blower door tests and calculating the
ACH for the purposes of assessing indoor air quality. These requirements are different from standard techniques
used to determine the thermal characteristics of the building. In this study, the blower door tests and ACH
calculations were conducted to assess the thermal characteristics rather than indoor air quality.

3 Max Sherman, “The Use of Blower Door Data’, LBL Report No. LBL-35173 (1998)
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Hydronic systems were by far the most popular heating system choice, with more than 80%
of the baseline homes having aboiler. Oil was the fuel chosen by about 60% of the sample
participants, with propane and natural gas far behind at 30% and 7%, respectively. In asmall
number of homes, kerosene, wood or combination systems wereinstalled. Thisresult was
consistent with the lower price of oil in comparison to propane, and the lack of availability of
natural gasin many areas of the state. All baseline participants with access to natural gas chose
thisfuel for both space and water heating. The prevalence of oil systems reduced the potential for
installing highly efficient heating systems.

In this sample, heating systems were generally oversized by alarge margin. More than
71% of the sample homes had sizing factors greater than 2.0, and 29% greater than 3.0. There was
little difference between oil and gas systems. Homes with higher design loads (greater than
40,000 Btu per hour) were less likely to be grossly oversized, but 57% still had heating systems
with asizing factor of 2.0 or more.

Asis consistent with the popularity of hydronic heating systems, integrated water heating
systems were installed in alarge majority (75%) of the baseline homes. About 46% of the sample
homes had high-efficiency indirect-fired tanks, but in a substantial portion (29%), low efficiency
tankless coilswere installed. About 7% of the baseline participants installed boilers and stand
alone water heating systems. The few electric stand alone tanks were installed primarily in homes
with oil furnaces or wood stoves.

Dryer hook ups were predominately electric (76%), with propane and natural gas
following far behind at 20% and 2%. About 45% of the baseline participants who used propane
for their heating fuel also had a propane dryer hook up.



[11. Methodology
A. Sampling

The original datawas collected in 1995. In the four years between the original data
collection and compiling this report, critical information regarding the sample selection was lost.
The description of the sample selection as provided bel ow was pieced together from
conversations with utility staff and ERH of Vermont, and relies heavily on the memory of the
playersinvolved in the original data collection.

1. Description of Sampling

The Department of Public Service estimates that approximately 2,000 to 2,500 new homes
are built each year in Vermont. The sampling process was intended to result in 100 surveysin
CVPSsterritory, 80 in GMPsand 20 in CUC's. CVPSterritory covers approximately 45% of
customers in the state, GMP 25% and CUC 5%.

The following steps were taken in identifying and contacting potential baseline
participants:

< The utilities identified a pool of new homesin their service territory. Thereisno
supporting documentation at this point to ascertain how these new homes were identified or
selected. CUC apparently selected potential survey participants from its new construction
DSM program participants.

< The utilities requested that ERH review the lists of potential participants and identify any
customers who had previously received energy ratings. ERH found 17 homes that were
included in the study through this means, seven of which were multifamily homes.

< The utilities sent letters to new home owners from their lists, explaining about the survey
and offering a $25 gift certificate to Seventh Generation. Seventh Generation is a mail
order company offering environmentally friendly, and some energy efficient, products,
currently operating under the name “Harmony.”

< The utilities provided liststo ERH for telemarketing. All participants were offered a $25
gift certificate to Seventh Generation. In addition, potential participants were told they
would receive a free energy rating valued at $300.

< ERH started at the top of the lists provided by the utilities and called potential participants
until they achieved the required number of surveys.

This sampling process may have resulted in biases from a number of sources: self-
selection, DSM participation, and geographic distribution. Other issues affecting the end results
were the inclusion of multi-family homes and the inclusion of homes which were not completed at
the time of the baseline survey.

Self-selection could have occurred from two sources: the offer of the gift certificate and
the offer of the free energy rating. Those who participated primarily to receive the free energy

5



rating and/or the gift certificate may tend to build more efficient homes than the general market. It
was not possible to identify participants who responded to the letter or those who participated
primarily to receive the free energy rating. Consequently, it was not possible to ascertain the
effects of self-selection on the survey results.

During 1993 and 1994, the major electric utilities and Vermont Gas Systems were all
offering DSM programs targeted toward the residential new construction market. The VGS
program started in 1993 and was suspended in August of 1994. It offered substantial incentives
for improving the thermal efficiency of the home, i.e., high levels of insulation and highly efficient
heating systems. Baseline participants were eligible to receive incentives up to about $1,000,
depending on the size of the home. VGS subsequently reinstated the program with reduced
incentive levels,

In some electric utility programs, DSM participants were offered a choice of accepting a
cash incentive for the installation of specific energy efficient measures or receiving an energy
rating from ERH in lieu of cash incentives. Other utility programs required participants to install
five or more efficiency measures (worth $300 in cash incentives) in order to be eligible to receive
the energy rating in lieu of incentives. Since 1995, the RNC programs have been substantially
redesigned and no longer include this feature.

The question related to geographical distribution is whether the sample proportionally
reflected new construction in each area. Approaches to thisissue varied by utility. Although the
individual utilities seem to have made a good faith effort to address geographic proportionality,
there was no consistent approach applied to the sample asawhole. The impact of non-
proportional representation by geographic area may produce biases such as over- or under-
representation of large, high end homes, seasonal homes, or even specific building practices.

Multifamily homes have significantly different characteristics than single family homes.
From the review of the baseline data and the town study (described below), it seems that the
majority of new multifamily buildings built during this period were condominiums. These homes
are smaller on average than single family homes and have different thermal properties, in that there
are frequently walls, ceiling and/or floors shared with other units. Combining multifamily and
single family together would produce results which reflected neither the multifamily nor single
family market accurately.

Another issue affecting the resultsis that a number of the baseline homes were not
completely finished at the time of the rating. 1n some cases, there was no information to collect for
specific data points, and in other case, the data was incomplete. Thisissue particularly affected
the lighting survey. Two homes had no lighting data, and in a number of other homes, additional
fixtures were still to be installed.

Additional detail regarding the sampling issuesisin included in Appendix B.

1. Town Study

In an attempt to investigate further the relationship between the baseline survey and the
general new construction market, West Hill Energy conducted a limited comparison between the
baseline homes and the actual new construction in specific towns. To provide a statistically
significant sample, towns or groups of towns with more than seven baseline participants were
selected. The towns were not chosen randomly, but rather on the basis of the accessibility of the
information and also for geographic diversity. Three pieces of information on every new home
built in 1993 and 1994 were collected and compared to the baseline homes: the assessed value,
the area of the homes (in square feet) and the type of construction (usually the number of stories).
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The assessed value was adjusted to fair market value for comparison purposes.

The three areas chosen were Chittenden County (Colchester), Windham County (Guilford,
Dover and Brattleboro) and Washington County (Barre and East Montpelier). The results of this
study were inconclusive. In Washington County, there seemed to be a strong correlation between
the baseline homes and the general market for the specific data points checked. In Windham
County, the correlation was weaker, and in Chittenden County there was little correlation.
Appendices B and C contain two memoranda, one from the DPS and one from West Hill Energy,
discussing the results of the survey.

2. |dentification of DSM Participants

DSM participation may bias the study to the extent that the group of customers represented
in the baseline may have a greater or lesser rate of participation in utility-sponsored DSM
programs than the general new construction market. Since the utility DSM programs offered direct
cash incentives for the installation of specific efficiency measures, DSM participants were more
likely to have installed these measures. For this reason, West Hill Energy investigated DSM
participation among the owners or builders of the baseline homes.

The first step was to provide lists of the baseline participants to each utility. The utilities
returned the lists identifying all DSM participants, the programs utilized and the DSM measures
installed. Some baseline participants utilized the residential new construction (RNC) programs,
and others participated in residential programs such as the mail order, efficient products, direct
install and high use programs.

For the purposes of this study, only participation in the RNC program was considered. In
general, other residential DSM programs were utilized after the completion of the baseline survey,
and thus, would not affect the results. The number of DSM participants and penetration ratesin the
RNC program for each utility are given in Appendix B.

Since al of CUC's baseline participants also utilized its RNC new construction program,
there is no information on the segment of the market that did not participate in one or more DSM
programs. In addition, afew of the ratings conducted prior to the baseline survey but included in
the data were participantsin VGS's DSM program.

It is aso important to note that the utility DSM programs werein full operation during
1993 and 1994. While the study has been corrected to account for participation in the RNC
program, it is still possible that participation in other DSM programs and spill over from the
programs, e.g., recommendations by either utility staff or other customers to non-DSM participants,
may have had an impact on the survey results.

3. Conclusions

Asaresult of the substantial time lag between the data collection and the report, critical
information regarding the sampling process was lost. It isnot possible at this point to verify that
the data collection process was consistent with the principles of random sampling. Accordingly,
this data should not be considered to be areliable reflection of the new construction market during
1993 and 1994. Rather, it should be viewed as descriptive, giving arange of building practices
and providing some insight where clusters of homes show a strong trend.

The data was adjusted to reflect the participation in RNC DSM programs offered by the
electric utilities at thetime. CVPS s DSM participants counted as .38 of a participant, and GMP's
DSM participants .91 of a participant. These weighting factors were developed by the Department
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of Public Service based on a comparison of the penetration of the utility-sponsored RNC programs
in the general new construction market to the penetration in the baseline sample. (See Appendix B
for additional details.) The proportion of GMP' s and CVPS's participants in the sample was
close to their relative proportions of the new construction market, and therefore, no additional
weighting was necessary to account for over representation of asingle utility.

Some baseline participants were removed from the overall study for the reasons described
below. In some cases, these groups of participants were analyzed separately.

< Ratings conducted for participantsin the VGS DSM program were not included in the
analysis due to the potentially strong impact of incentives from the gas DSM program.

< Multifamily buildings were separated from the single family buildings in the analysis due
to the substantial differences in thermal characteristics of the buildings. Since the sample
of multifamily buildings was small (26), it was not areliable source for determining a
multifamily baseline.

< There was no representation of non-DSM customers in CUC's sample and no information
was available regarding the accuracy of the distribution by district. For these reasons, the
Citizens' participants were analyzed separately and not included in the overall analysis.

< One participating building was an inn with twenty-two rooms. This establishment was
considered to be a commercial building and removed from the study for that reason.

In addition, there was insufficient information to weight or otherwise adjust the data to reflect the
impact of self-selection.

After the removal of the pre-baseline ratings performed for VGS DSM participants, CUC's
participants and the multifamily homes, the remaining group consisted of 151 homes. Using the
weighting factors, there was atotal of 129.3 baseline participants. These results are summarized
in the following table.

Tablelll-1 Summary of Participants by Utility

VGS VGS Study Weighted

Total | Electric Single Multi- | Commer- DSM Partici- Partici-

Utility | Surveys DSM Family family cial Weight pants pants
CVPS 101 34 0 9 1 0.38 91 69.9
GMP 81 7 4 17 0 0.91 60 59.4
cucC 20 20 0 0 0 0.00 0 0.0
Totd 202 61 4 26 1 151 129.3

A. Data Verification

Data verification for this analysis consisted of verifying that the electronic data matched
the data on the entry forms and was internally consistent, e.g., integrated DHW and space heating



systems both used the same fuel. The process for data verification began with arandom sample of
twenty survey participants. For these twenty, the database entries were compared to the data entry
formsin their entirety.

In general, we found that most of the critical datain the databases was reasonably accurate.
Many of the issues with the accuracy of the data were related to less significant data points. In the
case of fans and ventilation, it was apparently not possible to collect enough datato perform a
meaningful analysis on specific features of the fans (such as sound level and rate of air movement),
but it was possible to ascertain how many survey participants installed controlled and heat
recovery ventilation systems.

The key data points with systematic data entry problems were the heated basement,
attached garage, and all of the data on lighting fixtures. For the lighting fixtures, the data on
multiple fixtures was frequently grouped and entered as one fixture, making it impossible to
determine the number of fixtures actually installed. For all of the baseline participants, the
systematic data entry problems were corrected, along with afew other fields which seemed to
have a higher than average error rate. A memo detailing the data verification process and findings
isincluded as Appendix D.

In addition, cross checking for internal consistency turned up a small number of other
errors that were identified and corrected on a case-by-case basis.

B. Description of Analysis Techniques
1 Lighting

The lighting analysis had two major components: 1) analyzing the number of fixtures
installed in each home by type, and 2) analyzing the total fixturesinstalled by type and location.
The first approach provided insight into the pattern of fixture installation in each homes. For
example, it is possible to determine the total number of homesinstalling one, two, or three
compact fluorescent fixtures. The second analysis was designed to assess where the fixtures were
being installed. Both analyses were conducted for the study group as defined in Section 111.A.4
above with the weighting factors, and were also conducted for the following groups of participants
without weighting factors: CUC, GMP, CVPS, and DSM participants. Thislatter information is
largely descriptive, since the sample sizes were often too small to draw conclusions. (See Table
11-1.)

In reviewing the results of these analyses as shown in SectionV, it isimportant to note that
some homes in the study were not finished at the time the data was collected, and consequently did
not have al the lighting installed yet. No lighting data was available for two of the 151
participants in the sample.

2. Envelope Efficiency

There were four components to the analysis of envelope efficiency: code compliance,
passive solar heating, insulation levels by component type and infiltration rates. The latter three
analyses were performed using standard numerical approaches. The code compliance component
was more complex, as descri